This paper arises from ongoing research into user-initiated community innovation. Empirically, it builds on a case-study of the Dutch Wi-Fi infrastructure Wireless Leiden (WL), created in 2001 by local residents as a communicative assemblage of cheap consumer devices, home-built antennas and open source software (Author, Forthcoming). As the innovation is produced by a grassroots, bottom-up volunteer collective it is lacking financial resources for conventional repair and support services. This then raises the following question: how is support of users and maintenance of technology organized and arranged within community innovations? The argument developed, is that community innovation can only succeed by creating a socio-technical infrastructure of support, often but not exclusively, based on informal economies. Stabilization of community innovation can be understood as the successful mobilization of non-innovating end-users performing maintenance work. To 'give voice' to the often invisible work of end-users, I introduce the notion of warm user resembling the warm expert (Bakardjieva 2005) . Whereas warm experts help inexperienced users to properly connect to network technologies, warm users help novel technologies to properly connect to user collectivities. I conclude with a reflection on the broader importance of maintenance work performed by warm users.
Introduction
To be able to understand what the yellow contraptions ( fig. 1 ) are we first need a short introduction of outdoor Wi-Fi networking in general and Wireless Leiden as an exemplary case of this global user-initiated phenomenon in particular. 2 First a short note on the history of outdoor community Wi-Fi initiatives. After the IEEE introduced the 802.11 wireless networking standard in 1997, it would not be until Apple introduced its sub-hundred dollar Airport-card, based on the so-called 'b' version which by now was referred to by the more consumer friendly name Wi-Fi, that this novel technology arrived at what Cowan (1987) has termed the 'consumption junction', or the price-point, place and time at which technologies become interesting enough for consumer to consider to start using. Originally this technology was explicitly designed to function in indoor environments as an invisible replacement for short-distance Ethernet cabling. However, soon after its introduction users experimented with unforeseen uses in outdoor environments to establish long-distance, point-to-point wireless links. Although commercial equipment was already available for this purpose, it was prohibitively high priced ($10.000 and up), and it only operated on frequencies, which had to be bought from the government against again prohibitively high prices. In short: not to be used by consumer users, but only by big telecommunication companies. However all that changed with the advent of cheap Wi-Fi which allowed for free use of the wireless 2,4 gigahertz band. Soon people exchanged information on Internet on how to adapt devices to be able to span distance of kilometres instead of meters. All over the world small groups of Wi-Fi enthusiasts initiated projects to build wireless networks, both in cities as well as in rural areas. Most of these initiatives remained relatively small in size and scope, however some of them, for example the Djurslands.net initiative in Denmark, evolved into the only available infrastructure over which broadband Internet access could be delivered, because commercial Internet providers could not do this in a profitable way. 3 Another example of an innovative initiative is Wireless Leiden, which also brings us back from the history of outdoor Wi-Fi networking to the yellow boxes from the prelude.
Wireless networks are built of interconnecting nodes. The yellow boxes are examples of the physical appearance of the nodes that together form the backbone of a wireless infrastructure covering almost the whole of Leiden. In the case of Wireless Leiden, this outdoors Wi-Fi network is built by volunteer hobbyists out of consumer-grade Wi-Fi equipment, open source software, homemade aerials and all this in various location-specific homebrew configurations. The network is built of nodes that consist of computer hardware, 2 In my research project, I choose the approach of an explorative, in-depth case study (Yin 1984) because no previous studies described the dynamics of emerging Wi-Fi community initiatives. In order to improve reliability of the results, triangulation of empirical data was obtained by harvesting different sources (Eisenhardt 1989) , while 'following the actors' (Latour 1987 ) both online as well as offline. First, I explored the publicly accessible Wireless Leiden website, wiki and repository (http://[www; wiki; svn] .wirelessleiden.nl). This site proved to be a tremendously rich source, as -in the traditions of open source communitiesfull transparency is strived for at both material as well as organizational aspects. Minutes of meetings, discussions and debates were made available online in addition to technical descriptions, guidelines and images. Second, I explored the members-only archives of the volunteer mailing list. Third, I held in-depth interviews with different actors ranging from core initiators of WL to peripheral end-users. Four, I visited WL meetings visited between January 2005 and April 2007. At these meetings I observed discussions, presentations and workshops and I interviewed additional participants or potentially interested attendants. 3 For more information see: http://www.djurslands.net running software that routes data packages wirelessly through the air from one node to another. The size and complexity of this network is globally unique, as well as the degree of involvement from local government, corporate sponsorship and municipal support. Although the initiators built the wireless network as a general-purpose data network, many local Leiden inhabitants developed an interest in getting connected the moment free gateways to the Internet were introduced. Most local residents thus understand Wireless Leiden primarily as 'free access to the Internet', although functionality in this regard remains limited to connecting to the World Wide Web section only. 4 Although there is much more to be told about all the specific ingenious technical and organizational solutions that needed to be invented in order to make it all work, I will not do that in this paper, because the WL builders themselves already described it clearly and concisely (Van Drunen et al 2003) . What suffices for the purposes of this paper, is to understand WL as a user-initiated 'community innovation' (Author, forthcoming 2008).
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To return back to the mysterious man from the prelude, he himself also has no more knowledge of the intimate delicacies of the inner workings of the Wi-Fi nodes than the reader of this paper. The only thing average WL users know is that their own computers are connected wirelessly to one of the nodes. In the case of the man from the prelude, 'his' node is located in the church tower. Although most the time it all works 'transparently', that means the technology in-between 'fades away in the background', sometimes it stops behaving correctly. Suddenly the wireless technology is at the centre of focus, because without it, the connection to the Internet simply stops working as well. However in the experience of those with hands-on experience of power-cycling WL nodes, often with a simple press on a button, without further knowledge of all the magic involved, it simply works again, usually for weeks or months in a row. But how did this curious practice of people walking up and down church towers in order to reboot complicated homebrew hardware devices develop? In order to be able to tell that story, first we need to get a clearer understanding of all the actors currently involved in supporting Wireless Leiden.
A tentative typology of support for Wireless Leiden
In relation to how support is organized in Wireless Leiden we can distinguish two different types of support, in the first place for people who want to connect, and in the second place support for maintaining Wi-Fi nodes. First, support for people who want to connect to Wireless Leiden is arranged as follows. In the most simple scenario, installation service is provided by the shop owner who sells commercial packages that 4 In technical terms: only traffic on TCP port 80 (http) and 443 (https) is allowed access to the Internet through three proxies connected to three ADSL connections donated by a Dutch ISP. 5 Recently, publications have started to explore the emerging phenomenon of Wi-Fi community initiatives (Rheingold 2002, chapter 6; Rao and Parikh 2003; Medosch 2004) or the innovative use practices of Wi-Fi (Escudero-Pascual 2003) . However, only Sandvig (2004) focused explicitly on community Wi-Fi as a locus for "diffusion, experimentation, innovation, popularization, and the provision of new features and services". Nederland" also provides free user to user assistance on outdoor Wi-Fi related problems.
Second, support in the form of maintenance of the involved Wi-Fi devices depends on the type of device, its importance to the network as a whole, and its owner. End-users are supposed to care of their own connectivity devices. In the case of an expensive Wandy, it is usually so thorough that no maintenance is necessary at all. In the case of important nodes that are owned by official WL volunteers, the owner usually takes care of maintaining it. However this leaves a third category of nodes as a problematic category:
namely important nodes, with many connections to other nodes, which are placed strategically on high buildings such as church towers. Usually corporate sponsors pay for these nodes, although ownership ends up in the hands of the Wireless Leiden foundation. The technical experts who build these nodes are primarily interested in constructing new things. Repairing them in case of breakdown, is seen as a much less rewarding 'routine' task. This causes a problem for the stability of the network as whole, because especially these bigger nodes, due to their increased complexity, are often characterize by their fragility when it comes to failures. Sometimes it takes days before volunteers are notified that nodes are malfunctioning, and then again it takes days before anyone finds the time to go to the physical location to actually fix these nodes. Financial resources to 'hire' professionals to fix the nodes are lacking, and even if these were available, it would not fit in with the volunteer character of the organization. This leaves not only the reader but also Wireless Leiden as a whole with the question of how to arrange the maintenance of these important but often neglected nodes.
Wireless Leiden as technical hobby community
In order to better understand why 'official' WL volunteers on the one hand like to construct 'exciting new stuff' but on the other hand seem to be not really motivated to perform maintenance work, the notion of 'technical hobby community' (Haring 2007 ) offers a useful perspective. In order to get a feeling of the type of persons that literally make WL one would only need to attend one of the monthly WL meetings. A crosssection of the WL volunteer community is given by the photograph in figure three, taken during one of the many get-togethers. However, looking at the case exclusively from the people point of view, nothing really interesting shows up; just a bunch of people having a drink while chit chatting about their technical hobby.
The only thing that seems remarkable is that women are almost completely absent. However this is business-as-usual for communities focusing on self-building of technology, in which control over technology seems to serve as a way to construct a male gender identity; for a case-study on automobile tinkering see Kline and Pinch (1996) , for robot building and software engineering, see Kleif and Faulkner (2003) , and for radio technology see Douglas (1987) , Haring (2003) or Dunbar-Hester (2003) . However, the central focus of this paper is not the gender politics of community innovation; that would be another paper all together. Haring (2007) For many participants in Wireless Leiden, being a member of a community of tinkering with Wi-Fi, becomes part of their identity. They obtain a 'sense of belonging' from being part of a community of creative do-ityourself technical enthusiasts; in particular because they realise that with their active involvement, the technical infrastructure would quickly decay into a non-working state. In this sense the direct messages sent between volunteers when they drink a beer together are equally important for the 'correct' functioning of the network as digital data packages sent between different Wi-Fi nodes.
In relation to this servicing of a 'public' the members of the WL community can be seen as a kind of sociotechnical bricoleurs (Lévi-Strauss 1968) creating a local Leiden 'communicative assemblage' (Slater 2006) . The interesting thing is that this main organizing principle can be found both in the inner workings of the 'community' as well as in the inner workings of the 'technology'. The network as a whole consists of a whole of more or less loosely coupled elements that together make up the actor-network. In this sense nobody has a 'complete' overview of the 'network'. Depending on the position of the actor in the network the perspective causes another view. For end-users trying to connect to WL for the 'free' internet the network looks completely different than for the programmer located in Boston who as part of his after-work relaxation is tinkering with the optimization of the routing algorithm in the obscure 'OCaml' computer language.
In traditional actor-network literature there is always the implicit notion of the Machiavellian 'project champion' who as a spider in the web is controlling/seducing all the surrounding actors to do exactly as he (because it is almost always a male protagonist) has planned. 6 Although politics and conflicts play an equally important role in community innovations, the centre of gravity is not lying in the centre, but it is distributed over many local small centres that constantly fluctuate in relevance. When I first approached WL volunteers in 2005 I asked them to sketch out the organization structure. What I had expected them to do was to sketch a small inner circle of 'enthusiastic experts' surrounded by a larger circle representing a group of less technically skilled 'volunteers'. However, most participants came up with several small circles of which some interconnected, while others were not. Communication between the different groups was sometimes completely ad-hoc, and sometimes heavily structured. However, according to those involved initially there was no 'whole' representing the complete Wireless Leiden, and secondly there was neither 'centre' nor 'periphery'. Admittedly some people were more skilled towards the technical spectrum;
however those with good social skills were also broadly regarded as delivering equally important contributions. Most highly regarded were those who could navigate through technological and social challenges simultaneously, or as one of the participants said: "We have some people that can play chess many different levels at the time, and these people are the ones who really bring this project further." have developed their invention into something useable that then becomes attractive to a larger and more diverse group of users not primarily interested in technology for its own sake, but rather interested in actually using it in their everyday life. Or put more generally, how can we understand the stabilization of community innovations once they are 'up and running'?
In the previous paper we used actor-network theory 8 , or more shortly ANT, as the theoretical framework to be able to describe the various types of work the initiators had to undertake in order to 'heterogeneously engineer' different types of elements together into a working whole. What made ant so useful, was that it allowed me to flatten different type of relationships. This a priori symmetry between different types in relationships is a good thing, for it allows the analyst to 'follow the actors' wherever they go, regardless from disciplinary domain, whether 'social', 'technological', 'economic' or 'political'. To be able to follow the protagonists thus also requires an analytical frame that is equally flexible. Actor-network theory in that regard proved highly valuable to be able to describe the work of the 'network' builders that initiated Wireless Leiden.
Let us return to the scene from the prelude. Whereas the protagonists in the previous paper on Wireless
Leiden were quoted by name, or meet each other during meetings, the solitary 'button-pusher in the church' is anonymous. We do not know his name. This is not by accident, neither a stylistic choice of the author of this paper. It is on purpose, because also in Wireless Leiden this man is not as deemed as important as the original initiators. Although the person from the example by now has officially become a volunteer, his picture named 'anonymous.gif' on the webpage listing the volunteers displays only the contour of a person's head. Interestingly, the syle of this picture very much resembles the way in which people, who want to stay anonymous on television, are filmed (see fig. 4 ). That this person categorizes himself as a user is in this regard highly significant, because the others on the same list do not use the term 'user'. Perhaps partial invisibility is used here as active strategy out of a practical concern not to be bothered by other WL users in case of malfunctioning hardware.
Back to theory: what is the relevancy of all of this for theory about community innovation? The problem I encounter on a theoretical level is how to deal with employing ant as a theoretical framework in the case of actors that are only partially connected to the network, those who actively resist enrolment while simultaneously reinforcing the network (a point made earlier in research on the relationship between amateur scientists and museums (Meyer 2006) ). Clearly the person from the example is not as involved as other 'volunteers', and this is his own wish. How can we conceptualize actors who are involved in the stabilization of community innovations, however are only partially connected by weak ties having no interest in being strongly aligned with the project as a whole and most certainly having no wish to belong to the 'community'?
By choosing the community as the central unit of analysis, those who are no part of the community automatically disappear out of focus. Although recently STS academics have stressed the sensitivity towards those actors that are completely not connected, by conceptualizing them as specific types of nonusers, such as resistors, rejecters, excluded or expelled (Bauer 1995 , Wyatt 2002 , Wyatt, 2003 , I myself find it still difficult to conceptualize the role of those who are somewhere in-between use and non-use. On the one hand these actors are using the community innovation, however simultaneously they are no part of the 'innovation community' and as such non-user of many of the shared tools and communication channels that link its members and shape their sense of shared identity.
The involvement of these in-between-users of community innovation is usually very limited in term of investing time, energy, resources and 'sense of membership or belonging' however cumulatively they often perform a major bulk of the work without the 'core group' of experts (both professional and avocational)
would often not be able to create innovations that are actually 'usable' outside the context of original emergence. 11 In this sense, both these actors themselves as well as the work they do often remain 'invisible' (Shapin 1989 , Star 1991 , Star 1999 , Oudshoorn 2006 ).
To sum up: the interesting empirical finding is that there are many instances of grassroots bottom-up, initiatives out of which a complete 'community innovation system' emerged that 'works' in the sense that they grew into massive undertakings that are able to handle all phases of the innovation process from idea to prototype to manufacturing, distribution and service and support. What is especially remarkable is that resources in the form of financial budgets to pay for personnel and tools are usually lacking. The question then becomes how the necessary maintenance work of the technology is organized and arranged by the community itself. This is an especially interesting question, because the 'users as sources of innovation' literature is currently mainly concerned with the free circulation of information, instead of the blood, sweat and tears of the hard work to not only invent and build community innovations, but to keep them working over a prolonged time. The explicit focus on maintenance work can be seen within the tradition that stresses the importance of 'invisible work'. This research strand foregrounds actors originally deemed unimportant (such as secretaries, housewives, nurses, call centre 'reps' or technicians), by further investigating their essential roles in keeping complex systems working (for example see Shapin 1989; Star 1991 , Oudshoorn 2006 .
Framing maintenance within 'infrastructures of support'
One of the points of this paper is that in order for this exchange of information to take place, an underlying infrastructure is necessary. This infrastructure is not an infrastructure in the purely technical sense, but an 'infrastructure of support' which can best be understood as a socio-technical 'assemblage'. In order to further work out the 'infrastructure of support' I built on the work of Leigh Star on infrastructures, Paul
Ceruzzi who introduced the term in the first place.
11 See Benkler 1999 . Also a number of quantitative survey-studies on open source software development communities have made this point (e.g. Ghosh and Glott 2002, Lakhani and Wolf 2003) In this section I frame innovations as socio-technical systems that cannot function without maintenance networks. In order to be able to understand how Wireless Leiden organizes its network of maintenance we take a short detour along some theoretical literature helping us better understand the role of maintenance in relation to the emergence of innovations.
Let us refocus on ICT again. A more applicable comparison that can enlighten the relation between ICT innovations and users arranging support is offered by historian of technology Paul Ceruzzi. Ceruzzi (1996) describes the personal computing 'revolution', which in his analysis could only emerge because of convergence between interactive conversation computer systems and increasingly powerful computer chips.
However without the emergence of a parallel 'infrastructure of support' next to the technological trends of interactivity and miniaturization these trajectories would not have converged.
"Here is where the electronics hobbyists, cousins of the pocket calculator aficionados, come in. By defining an 'infrastructure of support' as something consisting of humans, Ceruzzi seamlessly fits into the tradition that understands infrastructure analytically as "a relational property, not as a thing stripped of use" and as something that is "part of human organization" (Star & Ruhleder 1996, 113) . Lindsay (2003) wrote about the phenomenon of users who provide their own infrastructure of support in the case of vintage TRS-80 personal computer users. In her study a user community takes over maintenance and support roles when the original manufacturer Tandy abandoned its own creations. Not only does the community as a whole provide support for other TRS-80 users, they also take over maintenance activities and even provide spare parts and repair services, either by supporting do-it-yourself repair through extensive walk-you-through manuals or by other TRS-80 users offering commercial repairs. Here we can clearly see a community's agency taking over maintenance and support roles traditionally provided by commercial services or the original manufacturers.
Let us focus even more in detail on the relation between commercial commodities and the role of the enduser with regard to maintenance and support
In the case of community innovations in general, and in the Wireless Leiden case in specific, there is no such entity as an ideal typical 'User' involved. What is distinctive for innovation communities is the diversity of the people involved. In a previous paper on Wireless Leiden the focus was on the user-innovators, who can be best described as hobbyists, tinkers or hackers. In this paper the focus is on the 'end-user' of community innovations, or in terms of diffusion theory the 'simple customer' (Latour 1987, 137) . In short:
people without technical expertise, hobbyist or volunteer motives, or economic interests in relation to a novel artefact. However, we can ask the same question Latour raises: "how simple is a simple customer?"
According to Latour, the 'customer is "'simple' because he or she does not have to redesign" the technological artefact (ibid 137). However the fact that the user has had no role in the original design of an artefact does not mean that there is no active involvement:
ven when the phases of development and innovation have ended, the darkest black box still has to be maintained in existence by not so simple customers. [...] The more automatic and the blacker the black box is, the more it has to be accompanied by people. In many situations, as we all know all too well, the back box stops pitifully because there is no salesperson, no repairer, no spare part. Every reader who has lived in an underdeveloped country or used a newly developed machine will know how to evaluate the hitherto unknown number of people necessary to make the simplest device work! So in the most favourable cases, even when it is a routine piece of equipment, the black box requires an active customer and needs to be accompanied by other people if it is to be maintained in existence."
It is exactly this active customer or active user that we follow in the case of Wireless Leiden. What makes community innovations so interesting is the way in which they differ from 'commercial' innovations that are distributed via the free market to simple customers. The innovation chain is usually depicted as a linear line with at the left side at the start the inventor/innovator who generates the idea, in the middle the producer/manufacturer who transforms the idea into physical mass-produced artefact and at the right side at the end the user/consumer who buys the product. What is important here is that the end-user is a simple customer who is simple as Latour (1987, 137) states "because he or she does not have to redesign" it.
When a device stops working, it needs someone else to solve the problem. This is what we call 'maintenance'. When a user stops working, he or she needs someone else to solve the problem. This is what we usually call 'support'.
When we are dealing with community innovations (networks in which the community and innovation are intertwined as heterogeneous assemblage) this become more complex. How are both maintenance and support organized in community innovations? How is the 'infrastructure of support' for both the WL community as well as the WL Wi-Fi infrastructure organized? The specific focus for this paper is how users themselves organize maintenance of a socio-technical system, when the resources of traditional corporate organizations are lacking such as call centres, service and repair personnel and even budgets are lacking.
One of the perceived problems of community innovations is that guaranteed service and support are lacking, making the service or technology in the eyes of the users inherently unreliable. Let us have a look at how WL deals with this issue.
Supporting residential end-users
The What had started as a technical hobby club for Wi-Fi hacking had set its goals to the building of a local wireless infrastructure. "Of course I knew it was going to be different, because when you subscribe to an ADSL connection, an installer comes to do all the work for you and then everything works. And Wireless Leiden requires a lot more self-activation. You need to install an antenna on the roof of your house, and then you need to install all the indoor cabling or buy an indoor Wi-Fi router. Actually, it was quite a hassle to get everything working. [...] Luckily, when we made a phone call to the shop, the owner was prepared to drop by and fix the whole thing and make it work. He did this for free;
I believe it was a kind of goodwill service."
Linda was encouraged to try out the 'free Internet' when she bought the Wi-Fi set, and the shop owner assured her that if the Wi-Fi solution did not work out, she could return the package and get her money back.
However when some time later new problems arose with the WL connection, Linda could not fall back on the shop owner anymore for support. After some browsing of the WL website she decided to send an email to the WL user mailing list. In the subject heading she framed her problem, as "Nitwits want Wi-Fi in the vicinity of Leiden". The first thing that happened was that other people send her a 'debugging checklist'. This is a specially crafted document to guide novice WL users in concrete steps to the procedure of establishing a working connection or otherwise pinpoint the exact problem in case of failure. In Linda's case this strategy failed, and as a final resort one of the volunteers had to come to visit Linda's house to help her solve her connection problem. Although WL is a volunteer organization, there is no such thing as a free lunch. As a favour in return Linda was asked to give a presentation during a general introduction meeting about WL specially targeted to potentially interested users, which she also did. So here we see a pattern of new end-users who are actively helped getting connected by neighbouring WL volunteers. In return for this support active participation in the form of helping others is expected.
Following a Wi-Fi node: the role of warm users
The preparedness of end-users to actively engage with the technology is of crucial importance for the functioning of the WL community technology. Without maintenance eventually every technology breaks down, however community technologies such as WL depend even more on active maintenance work. The specific problem with community technologies is that the initiating designers of the system often are not interested in the maintenance. This is also true for WL. Most of the technical experts are more interested in experimentation with new technologies that in fixing a wireless node for the hundredth time. When the technical enthusiasts speak about their motivation for participating in WL they often use a frontier metaphor of 'pioneering' or 'cowboy-ing', however caring for the both end-users or technology is missing from this vocabulary.
This lack of motivation for maintenance and support tasks is something many WL participants have observed themselves as a potential problem for the further growth and development of WL. As a solution for the lack of resources for maintenance work a strategy for delegating tasks to end-users emerged. In order to systematically bring end-users into action to the greater good of the WL network, a specific new 'role' within the community was invented: the so-called 'node-adoption-volunteer'. Interestingly enough in this case the term 'adoption' was introduced to describe the relation between the active end-users and 'their' Wi-Fi nodes. Adoption implies a warm implicit undertone of respectfully taking care of a 'child' who from now on will be a member of the family. The adoption metaphor fits in with the locus of the community.
The 'adoptee' in need of help in this case is a Wi-Fi node located nearby. The 'parent' is the end-user who relies on the node for its Internet access. The family is not the household, by the wider WL community. 'usefulness' of user-contributions is discussed. After several invitations to join one of the "technical meetings" or the "systems administration mailing list" one of the 'technical experts' ironically further sparks the discussion when he states that "unfortunately it is not attainable that every user can contribute something to the network, except for additional data traffic ;-)". One of the initiators responds:
"I do not agree with you on this, because I do think anybody can contribute something. You do not need any understanding of computers. For example helping organizing meetings or with the maintenance of the website are important activities. One of the most time consuming jobs is powering nodes on/off. Something not to be done very often, sometimes such a machine happily runs for half a year or even longer. However sometimes it is the only solution to bring it back to life. Perhaps it is an idea to let users adopt the specific node they are connected to, in order to monitor its performance, report problems or if necessary reboot the machine on location. Additionally, a yearly inspection if everything is still well connected. The advantage is that they live close-by and immediately notice problems in case of a malfunctioning. Not difficult to do, no special expertise required and it would save the volunteers a considerable amount of time. And above all, this way even more people are actively engaged with the network."
In the following days several users 'volunteer' to adopt a node, the official term 'Node Adoption Volunteer' emerges, and in April 2004 the first 'node-adoption group' meeting takes place. One person summarizes the 'gift economy' from the end-user's perspective: "I would like to invest some time into this so I can do something in return for the Wireless Leiden network I am using." An 'official volunteer' responded in an agitated manner: "Then put some of your time in other WL projects. That way you show that it is not directly self-interest!" Another official WL volunteer puts this remark in perspective by noting that "we should also realize that self-interest is not too bad, because in the end the network is served by it as well: or in modern management-lingo a win-win situation". Another poster agrees as well: "Of course there is self-interest: learning new things and spending your free time useful, but that is true for all WL volunteers".
In November 2004 and January 2005 the WL end-user who signalled he would like to contribute but did not know how, gave a presentation during official meetings about 'the user annex node-adoption-volunteer: his presentation is announced as "a WL user talks about his experiences as user and node adoption volunteer of one the most important nodes of the network".
Informal support infrastructures of warm users
Informal support is not something that is confined to community innovations. In her research on the domestication of the Internet, Bakardjieva (2005) noticed a similar phenomenon. 12 The fact that Bakardjieva explicitly focused on domestication of Internet access allows for a comparison of her empirical material with the WL study. Bakardjieva (2005, 98) noticed that the 'domestication' of the Internet "had been intensively assisted by a close friend". She called this person the 'warm expert', which she defined as:
"The warm expert is an Internet/computer technology expert in the professional sense or simply in a relative sense compared with the less knowledgeable other. The two characteristic features of the warm expert are that he or she possesses knowledge and skills gained in the system world of technology and can operate in this world but, at the same, is immediately accessible in the user's lifeworld as a fellow-man/woman. The warm expert mediates between the technological universal and the concrete situation, needs and background of the novice user with whom he is in a close personal relationship." (Bakardjieva 2005, 99) .
The 'economy' of the warm expert helping out a close-by person is not a financial one such as the relation between repairmen and customer, but gift-based. In return for helping out, the warm expert is offered for instance "lunch and, as one can imagine, the enjoyment of spending time with a friend." (ibid., 101). In WL we see the same mechanism at work, although the dimension of proximity is organized within the WL community. In WL we see a 'gift economy' in action, and 'reciprocity' towards community members ('tit-fortat') is how the keeping-it-all-working is organized. When an expert helps a user to get connected, the user then is asked to help other users by rewriting 'debugging check lists', by giving a presentation in for endusers comprehendible language or by taking over relatively easy 'maintenance' tasks. In this way the enduser also helps the expert with maintenance of the technology and support to the (end-user) community.
A difference emerges between getting connected to the Internet via a commercial ISP or via a community innovation such as WL. In her introduction Bakardjieva writes that:
"Users are hard to perceive as a social group that shares a common technological frame because of their dispersed state of existence, as well as their diverse cognitive and material resources, interests and ideologies. Users inhabit numerous invisible everyday settings. They have no established forums or channels for interaction either with each other or with the designers of the technologies they employ. In contrast, researchers, engineers, managers and government representatives form distinct professional networks. They share cognitive frames of reference acquired in the course of their training and subsequent participation in a community of practice."
(ibid., 13)
In the case of community innovation the relevant difference is the availability of 'forums' and 'channels' in the form of local meetings, mailing lists and interactive wikis. It is actually through these channels that interaction with the designers of the system is possible, through the aforementioned 'channels' or 'nexus'.
This then results in the formation of a 'community of practice' organized around the shared participation of in this case WL. For 'warm experts' to be able to function in the case of community innovation in which people are often no friends or relatives (yet), there is an infrastructure needed through which people can ask for 'help'. This infrastructure then is an 'infrastructure of support' that enables the correct functioning of the users and the devices interacting with each other.
Within a community innovation the gift economy is one of the principles on which maintenance and support work is organized. Examples of reciprocal gifting by end-users in return for help are writing documentation, answering e-mails of other novice users, and giving presentations. Warmth then also refers to the gift economy instead of a financial economy. Where in the traditional situation you would pay money to the company that pays the salary of the repairmen, in the case of community innovation, you 'pay' the community of which the warm expert is a member, by donating resources back to it in the form of time, energy or concrete products such as manuals, documents, bug reports, or answers to questions.
In this sense not only the warm expert who with his 13 intimate knowledge of the inner workings of the technology can help the user, but also the warm user 14 with his intimate knowledge of how he or she thinks new technologies work can help the experts with supporting the community, but also with literally and figuratively holding the technological devices in order to get connected again to the network in case of a problem. The unit of analysis then is not the individual user, but the community innovation as a whole, consisting of both humans as well as non-humans. If elements of the network, for one reason or another, get disconnected, warm users can then help these to get connected again. In the situation of a commercial
Internet access subscription unstable technologies are not accepted, and the company is expected to fix problems as soon as possible. However, in the case of community innovations, end-users are more forgiving and prepared to 'help' the technology in case of a failure.
Where Bakardjieva (2005, 102) Where support of end-users is organized by warm experts helping people to get connected, the equivalent is maintenance of the technology organized by warm users helping devices to get connected again if needed. The underlying goal in both situations is to reconnect elements that got disconnected from the network. In the case of community innovation, the warmth based on proximity and personal physical contact not only applies to humans but also to non-humans.
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"Engagement capacity" as an alternative translation mechanism
The interesting thing is that in community innovations tasks that are normally delegated to the technology, in order to keep maintenance by human people to a minimum because technology is less expansive than human labor, are delegated back to the humans again. This can be understood by the different requirements for community innovation is which budgets for expensive reliable hardware are lacking, however simultaneously free labor by volunteers is often available in large quantities. In this sense the 'engagement capacity' (Verbeek 2000) of the homebuilt Wi-Fi devices is very low (the only interaction required by the maintainer is checking the status of the LED lights and pressing the power switch).
However, the 'engagement capacity' of the node adoption volunteer is quite high, willing to conquer bad weather to perform simple maintenance tasks.
But what is it that causes this high 'engagement' of end-users to be willfully enrolled as volunteer, or more bluntly stated unpaid, maintenance personnel? In terms of actor-network theory: how are end-users enrolled as reliable actors into the network, and how are their interests translated into those of WL; and by what mechanism? Certainly, there is no mechanism of force at work here: users have plenty alternatives to obtain hassle free cheap Internet. Additionally they do not receive any wage that can motivate them to perform their maintenance work as stated in their job contract. Solving challenging puzzles, obtaining new skills or gaining increased reputation amongst peer possibly leading to increased career opportunities are also not at play. I would like to propose a fourth translation mechanism, one that is based on 'caring'.
Actors enroll themselves because they are intrinsically motivated to do so, attracted by the fact that they simple have developed 'warm' feelings towards the overarching ideal, goals, values or motives on which the community innovation is based. In this sense just as people care for other people, not simply because they must do so, but because they feel that friendship relationships should be based on reciprocity, a similar argument is followed when these 'node adoption volunteers' explain their motivation for their actions.
In this sense the 'engagement capacity' in the form of 'attachment to technology' is based on the degree of 'warmth' an actor develops towards the community innovation as a whole. Can he or she identify with it in a positive manner? Does it make them feel 'good' to be involved actively in this initiative? Although these users feel they cannot contribute back to the community innovation by lack of technical expertise and interest that is often required to become a member of 'technical hobby communities' they are nonetheless willing to invest some of their time in other tasks.
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Conclusions: warm users and the stabilization of community innovations
The idea of attachment to technology is not new. For example Verbeek (2000) already introduced the notion of engaging technologies. Also the link between technologies with a high 'engagement capacity' and higher involvement of users in maintenance and taking care of the artifact is not new (also Verbeek).
According to Verbeek designing an artefact in such a way that a high 'engagement capacity' is built into the artefact, it can be used in a more sustainable way through the stronger relationship with the user, who then is much less inclined to throw the artefact away in case of damage, malfunction or just not being fashionable enough anymore.
However, in this paper we have seen the engagement coming from the side of the user. The artifacts from the prelude are not that engaging at all: they only require the simple act of pushing a button to reset, and that is it all there is to it.
Two conclusions emerge from rereading literature on user communities that are highly involved into supporting specific technologies. In the first place the importance of the availability of infrastructures of support, whether locally in the form of meetings, or trans-locally organized through mailing lists, wikis and websites. Secondly, the importance of attachment to the technology based on 'care'. Rereading casestudies from the literature from the perspective of the 'warm user' lead to the question if this phenomenon is only limited to community innovation, but perhaps also extends to commercial innovations as well? 16 An explanation that aligns with this analysis is the phenomenon known in psychology as the 'helpers-high'. People who help others, feel better themselves afterwards. Luks (1988, 39) states that "People who exercise vigorously often describe feeling high during a workout, and a sense of calmness and freedom from stress afterward. New evidence reveals that these same emotional and physical changes can be produced by volunteering to help others." The analysis of Luks thus enables us to rethink the 'materiality of altruism' in which endorphines in the human brain are involved in making people 'give something back' in order to feel better themselves.
Another domain where warm users take on them the role of 'maintaining and caring for technologies is in the case of 'orphaned technologies', no longer actively supported by its original manufacturers. Lindsay and high motivation of users is needed to invest sufficient amounts of time and energy" (ibid, 147) these motivations are linked to issues such as 'cost reductions', 'environmental reduction', 'regional development', 'energy saving' or 'using ecological and healthy materials'. However, all of these can be seen as specific reasons for the same underlying phenomenon, namely why users 'care' about these new technologies and are committed to invest time and energy into the attachment of these technologies into their everyday life.
So not only novel technologies that are still fragile because they have some 'children diseases' but also 'senile' technologies that suffer from their age are cared for by their warm users.
Earlier studies of science and technology pointed us to the importance of 'invisible' actors in the practice of 'doing science'. Shapin (1989) , for instance, pointed to the importance of the generally overlooked 'invisible technician' in the history of science, without whom we cannot understand science as a practice. Following this line of thought in the field of innovation studies, my argument is twofold. First, community innovation as a process cannot function without a certain degree of user diversity. Second, community innovation is based on both technical expertise as well as affective attachment to technology.
With this paper I hope to have sensitized the reader to the importance of the 'warm user' in the practice of maintaining community innovations. By doing so, I hope to have changed the image of a consumer of new technologies as a 'simple customer' into an 'active user'. The difference between a user-innovator and a warm user then is that the user-innovator actually works 'under the hood' of the technological black box, while the work of warm users can better be understood as articulation work that remains invisible to outsiders of the community. An interesting question concerns how far users will be motivated by and are able to identify with commercially organized distributed network innovations in which they are supposed to play an active role.
This will depend on finding strategies to mobilize users' sympathy in order to access their resources. In this respect further research is needed to develop a better insight into the enabling and constraining elements that configure the appropriation and domestication dynamics of distributed ICT innovations in which users play a crucial role.
Typically end-users are conceptualized by designers as passive entities, not interested in how the technology works 'on the inside'. Users are supposed to be stupid and have to be protected from their own behaviour by designing technology that is 'foolproof'. By 'giving voice' to the invisible work of warm users, I
hope to contribute to replacing the common conception of the end user as a 'simple' customer with a more active image of a user who cares, is based on empirical study of use practices instead.
17 SV-Todo: insert references to recent paper Oudshoorn, and other literature
